Introduction {#sec1_1}
============

Early-onset Alzheimer disease (EOAD) is defined as Alzheimer disease (AD) with an onset before the age of 65 years. In addition, these younger patients may have more hereditary and aggressive forms of AD \[[@B1]\]. The consequences of being diagnosed early with a disease that implies progressive decline of cognitive abilities and activities of daily living (ADL) performance, as well as changes in personality and behavioral disturbances, are enormous. Many of the affected individuals and their spouses are still in the workforce, have an active social life, and might even have children living at home. Hence, EOAD caregivers are often faced with other commitments, such as working and taking care of the family and household \[[@B2]\]. Deterioration in ADL is a major distressing aspect of dementia for the family members, and the severity of functional impairment is considered to be the predominant critical factor behind nursing home placement (NHP) \[[@B3], [@B4]\]. In addition, individuals with EOAD lose 15--18 years of average life expectancy \[[@B5]\]. Despite these facts, there have been fewer reports of ADL compared with cognitive outcomes in earlier studies of EOAD \[[@B6], [@B7]\].

Currently, the predominant therapy for mild-to-moderate AD is cholinesterase inhibitors (ChEIs). Placebo-controlled clinical trials with a duration of up to 1 year have shown that ChEIs are effective in slowing functional decline \[[@B8], [@B9]\]. Extension studies \[[@B10], [@B11]\] and observational studies of ChEI treatment \[[@B12], [@B13]\] have suggested that the effect of ChEIs on ADL may last even longer. However, because all these AD studies have included participants without regard to age at onset, no previous ChEI studies have focused on EOAD or aspects of therapy (e.g., type of drug and dose) that might alter functional progression in younger patients.

Very few studies of AD have investigated potential predictors (e.g., age) of short-term therapeutic response to ChEIs and long-term outcome in ADL. Our group found that both functional response to ChEIs \[[@B14]\] and performance after 3 years of treatment \[[@B12]\] were better in younger than in older individuals. Another study did not observe a longitudinal association between age and impairment in ADL after ChEI or ChEI + memantine therapy \[[@B15]\]. Inconsistency among untreated participants with AD has also been reported; one study found a faster rate of functional deterioration in EOAD \[[@B16]\], whereas another study showed a similar progression among ages \[[@B17]\]. Older age is a common predictor of early NHP in dementia \[[@B18], [@B19]\]; a recent study found that the time from symptom onset to NHP was more than double among the younger dementia cohort \[[@B20]\]. However, when adjusting for many sociodemographic and clinical characteristics, age was not a significant risk factor that influenced time to NHP in our study using multivariate models \[[@B4]\]. In EOAD, possible predictors (e.g., years of education and comorbidity) that might affect the results and lead to inconsistent observations have not been considered in most studies \[[@B6]\].

The aims of this study were to describe and compare functional long-term outcomes and NHP between patients with EOAD and late-onset Alzheimer disease (LOAD) in a routine clinical setting, and to identify the sociodemographic and clinical factors, including aspects of ChEI therapy, that affect the rate of progression in the respective groups.

Material and Methods {#sec1_2}
====================

Study and Participants {#sec2_1}
----------------------

The Swedish Alzheimer Treatment Study (SATS) is a 3-year, prospective, observational, multicenter study that was established to assess the effectiveness of long-term ChEI treatment (donepezil, rivastigmine, and galantamine) in a routine clinical setting. The SATS has been reported at length and various findings were published in a number of articles \[[@B4], [@B5], [@B12], [@B14], [@B21]\]. In total, 1,258 participants with AD were enrolled from 14 memory clinics located across Sweden. All 1,021 individuals who showed a baseline Mini-Mental State Examination (MMSE) \[[@B22]\] score ranging from 10 to 26, and whose age was known at the estimated onset of AD (4 had missing data) were included in the current study. Of these, 143 patients were defined as having EOAD (onset of AD \<65 years) and 874 as having LOAD (onset of AD ≥65 years); thus, 1,017 participants were enrolled.

Considered for inclusion in the SATS were outpatients aged 40 years and older who met the criteria for the clinical diagnosis of dementia, as defined by the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) \[[@B23]\], and for possible or probable AD, according to the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer\'s Disease and Related Disorders Association (NINCDS-ADRDA) \[[@B24]\]. All individuals were diagnosed by physicians specialized in dementia disorders, who also estimated the age at onset based on an interview with the caregiver (usually the spouse or an adult child) concerning their observations of early symptoms of AD. Moreover, the selected patients had to be community dwelling with or without home help services at the time of AD diagnosis, have a reliable caregiver, and be assessable with the MMSE scale at the start of ChEI therapy (baseline). The exclusion criteria were not fulfilling the diagnostic criteria for AD, already taking active ChEI treatment or contraindications to ChEIs. After inclusion in the SATS and the baseline evaluations, the participants were prescribed ChEI therapy as part of the ordinary Swedish health care system, with respect to the approved product labeling. The study is observational and the choice of drug agent and dosage was left up to the dementia specialist\'s discretion and professional judgment. The ChEI dose was documented after 2 months of treatment and then semiannually after baseline. Medications other than ChEIs were recorded at baseline and allowed during the study, with the exception of memantine. If the patient stopped taking the ChEI, or if memantine was added, the individual was excluded from the SATS at that time point. The date of and reason for any withdrawal from the study were documented.

Ethics Approval and Consent to Participate {#sec2_2}
------------------------------------------

All procedures performed in studies involving the SATS participants were in accordance with the Helsinki Declaration. The SATS protocol and the present analysis of data from the study reported in this paper were submitted to and approved by the Regional Ethical Review Board, Lund University, Sweden (No. 2014/658, December 9, 2014). Written informed consent was obtained from all patients included in the SATS. If an individual was not able to provide consent for him/herself, consent was obtained from his/her closest relative.

Outcome Measures {#sec2_3}
----------------

The SATS patients were assessed in a structured, follow-up program over 3 years that investigated cognition, global, instrumental, and basic ADL capacities at the start of ChEI therapy, after 2 months (MMSE and global rating only), and every 6 months. Cognitive ability was evaluated using the MMSE, with scores ranging from 0 to 30 (a lower score indicating worse cognitive status) and the Alzheimer\'s Disease Assessment Scale-cognitive subscale (ADAS-cog) \[[@B25]\], with a total range of 0--70 (a higher score indicating worse cognitive status).

The Instrumental Activities of Daily Living (IADL) scale \[[@B26]\] consists of 8 different items: ability to use the telephone, shopping, food preparation, housekeeping, laundry, mode of transportation, responsibility for own medications, and ability to handle finances. Each item was scored from 1 (no impairment) to 3--5 (severe impairment), which allowed a total range of 8--31 points. The Physical Self-Maintenance Scale (PSMS) \[[@B26]\] consists of 6 different items: toilet, feeding, dressing, grooming, physical ambulation, and bathing. Each item was scored from 1 (no impairment) to 5 (severe impairment), which yielded a total range of 6--30 points. Nurses trained to care for people with dementia assessed the ADL performance based on interviews with the caregiver. To facilitate the comparison of rates on the ADAS-cog, IADL, and PSMS scores, changes in score were converted to positive values, which were indicative of improvement, and negative values, which were indicative of decline.

NHP was defined as the date of permanent admission to a licensed skilled nursing facility with 24-h care; rehabilitative or respite care was not included. If hospitalization occurred before nursing home entry, the date of hospital admission was used. Using the 12-digit personal identity number assigned to each resident of Sweden, we determined whether each participant in the SATS was still alive on December 31, 2015 with the help of the Swedish population register (Swedish Tax Agency). If not, the date of death was recorded.

Statistical Analyses {#sec2_4}
--------------------

The IBM Statistical Package for the Social Sciences (SPSS) for Windows (version 22.0; IBM Corporation, Armonk, NY, USA) was used to perform the statistical analyses. The level of significance was defined as *p* \< 0.05 if not otherwise noted, and all tests were 2-tailed. Observed-case analyses were used to avoid overestimation of the treatment effect by imputing better previous outcome scores in a longitudinal study of a progressively advancing disease. Parametric tests were used because of the large sample size and the approximately normally distributed continuous possible predictors. Independent-sample *t* tests were performed to compare the differences between the means obtained for 2 groups, such as EOAD and LOAD, and χ^2^ tests were computed to analyze categorical variables.

Mixed, linear and nonlinear, fixed and random coefficient regression models with the patient as a hierarchical variable (i.e., to allow correlation within subjects) were used. The mixed-models method also considers differences in the number of visits available for each individual and unequal time intervals between the follow-up evaluations, which are common statistical limitations found in long-term studies. Those who discontinued the SATS contributed information during the time of participation; thus, we took into account the trajectories of all patients.

Time was defined as the exact number of months between the start of ChEI therapy and each assessment, thereby using all data points at the actual time intervals. To adjust for baseline differences, the initial instrumental or basic ADL scores for each participant and their interaction with linear and quadratic terms for time in the study (to enable a nonlinear rate of change in the models) were included as fixed effects, i.e., time in months (and time in months^2^) × IADL (or PSMS) baseline score. Thus, the dependent variables were the functional scores assigned at the second and subsequent visits for each patient; that is, the mixed-effects models do not intend to predict the scores at the start of ChEI treatment. The random terms were an intercept and time in months, with a variance components covariance matrix. Several potential sociodemographic and clinical characteristics were included as fixed effects in the models, such as sex, age at the initiation of ChEI therapy, clinician\'s estimated duration of AD, years of education, carrier of the apolipoprotein E (APOE) ε4 allele (no/yes), solitary living (no/yes), cognitive status, number of medications at baseline, and specific concomitant medications (no/yes for each group) including antihypertensives/cardiac therapy, antidiabetics, asthma medication, thyroid therapy, lipid-lowering agents, estrogens, nonsteroidal anti-inflammatory drugs/acetylsalicylic acid, antidepressants, antipsychotics, and anxiolytics/sedatives/hypnotics. The effect of ChEIs was investigated using the type of drug (coded as a set of dummy variables) and dosages. The ChEI dose could vary during the treatment period for an individual patient and between patients; hence, the mean dose used during the entire follow-up period was calculated for each participant. Regarding the noncompleters, the mean dose used during the individual\'s time of participation in the SATS was calculated. To obtain a similar metric for the percentage of maximum dosage for each of the 3 ChEIs, the mean dose was divided by the maximum recommended dose for each drug, that is, 10 mg for donepezil, 12 mg for rivastigmine (oral administration), and 24 mg for galantamine. The term "ChEI agent × dose" was also included in the models. Finally, some possible interactions (sex, age, or education) with functional capacity at baseline or with time in the study were included. Nonsignificant variables (*p* \> 0.05) were removed in a backward stepwise manner. The hierarchical principle was applied in the mixed-effects models; variables that appeared in significant interactions were not considered for removal.

Binary logistic regression analyses using the backward likelihood ratio method were used to predict NHP during the study for patients with EOAD and LOAD. The Hosmer-Lemeshow goodness-of-fit test result was *p* \> 0.05, indicating a good fit of the models to the data. The aforementioned potential characteristics were used as independent variables together with the ADAS-cog, IADL, and PSMS mean rates of deterioration per month.

Results {#sec1_3}
=======

Sociodemographic and Clinical Characteristics according to Age at Onset of AD {#sec2_5}
-----------------------------------------------------------------------------

The 1,017 SATS participants were divided into 2 groups according to the age at onset of AD: EOAD (\<65 years: *n* = 143, 14%) and LOAD (≥65 years: *n =* 874, 86%). The sociodemographic and clinical characteristics of the groups are presented in Table [1](#T1){ref-type="table"}. At the initiation of ChEI treatment (baseline), a smaller percentage of the younger individuals were living alone (χ^2^(1) = 13.66; *p \<* 0.001). Moreover, lower proportions of antihypertensives/cardiac therapy (χ^2^(1) = 30.25; *p \<* 0.001), nonsteroidal anti-inflammatory drugs/acetylsalicylic acid (χ^2^(1) = 29.64; *p \<* 0.001), and anxiolytics/sedatives/hypnotics (χ^2^(1) = 14.16; *p \<* 0.001) were found in the EOAD versus the LOAD cohort. The younger patients also had a longer mean duration of AD (*t*~1,015~ = 4.36; *p* \< 0.001), and more years of education (*t*~1,015~ = 2.93; *p* = 0.004) than the older individuals. At baseline, the patients with EOAD exhibited less functional impairment according to the IADL score (*t*~993~ = −4.92; *p* \< 0.001) and PSMS score (*t*~994~ = −7.14; *p* \< 0.001), and took fewer concomitant medications (*t*~1,015~ = −8.20; *p* \< 0.001) compared with the LOAD group.

Comparison of Longitudinal Outcomes between EOAD and LOAD {#sec2_6}
---------------------------------------------------------

Regarding the IADL score, 51% of the EOAD and 48% of the LOAD patients were improved/unchanged (≤0 point change) after 6 months of ChEI treatment (χ^2^(1) = 0.26; *p =* 0.611). Improvement/no change in PSMS score after 6 months was observed in 79% of the younger and 73% of the older individuals in the SATS (χ^2^(1) = 1.52; *p =* 0.217).

Consistently, no significant difference in disease progression over time between the onset groups was detected when using the IADL or PSMS scales. After 3 years of ChEI therapy, the mean decline (95% confidence interval \[CI\]) from baseline did not differ between the EOAD and LOAD cohorts: IADL score, 6.0 (4.6--7.4) versus 6.6 (6.0--7.2) points (*t*~353~ = 0.83; *p* = 0.406); PSMS score, 2.6 (1.8--3.5) versus 2.9 (2.5--3.3) points (*t*~354~ = 0.53; *p =* 0.598). The patients with EOAD and LOAD were further divided into APOE genotypes. No significant differences in changes in IADL or basic ADL performance after 3 years of ChEI treatment were found between these groups.

The IADL capacity was already markedly impaired at the start of ChEI therapy, with 40--65% of the EOAD and 55--75% of the LOAD patients being dependent on assistance to perform these activities (IADL score, 2--5). The percentage of participants with impairment in the individual IADL items was significantly lower at baseline in the EOAD cohort, with the exception of "ability to handle finances," which did not differ between the onset groups. After 3 years, the IADL performance had deteriorated further; 70--90% of the remaining patients in both groups could not carry out these tasks independently. Younger individuals showed a faster decline in "ability to use the telephone," "shopping," "food preparation," and "housekeeping." However, the participants with LOAD were still significantly worse in "laundry," "mode of transportation," and "responsibility for own medications" (Fig. [1a](#F1){ref-type="fig"}).

Regarding basic ADL, the majority of patients were able to manage themselves independently at baseline, with the exception of physical ambulation (\>50% of the individuals with LOAD needed some assistance; PSMS score, 2--5). A significantly larger percentage of the older cohort was impaired in the ADL items "toilet," "physical ambulation," and "bathing." After 3 years, 35--55% of the remaining participants in the SATS needed assistance in performing the basic ADL tasks "dressing," "grooming," and "bathing," while 60% of the EOAD and 75% of the LOAD patients required help with "physical ambulation" (*p* = 0.030). The younger individuals demonstrated a more rapid deterioration in "toilet" and "bathing" (Fig. [1b](#F1){ref-type="fig"}).

Predictors of Disease Progression in the Respective Age at Onset Groups {#sec2_7}
-----------------------------------------------------------------------

Only participants with 3 or more evaluations were included in the mixed-effects models to enable analyses of a nonlinear rate of functional change (EOAD, *n* = 120, 84%; LOAD, *n* = 665, 76%). The models were performed to identify the sociodemographic and clinical factors that influenced the SATS patients' longitudinal trajectories (EOAD, 524 data points; LOAD, 2,836 data points). The percentages of variance that accounted for the dependent variable, regarding all fixed predictors, were 65.3% for IADL and 16.8% for PSMS in the EOAD group, and 63.3% for IADL and 43.0% for PSMS in the LOAD group. This indicates a good to very good fit of the models (*p* \< 0.001 for all models); however, the degree of explanation was lower for the PSMS model in the EOAD cohort. The mixed-effects models, significant predictors, and unstandardized β coefficients with 95% CI are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}.

Individuals with better cognitive status at the initiation of ChEI treatment in both onset groups exhibited a more favorable long-term outcome in IADL capacity. In EOAD patients, the risk factors associated with faster IADL decline were solitary living and use of antihypertensives/cardiac therapy, while more years of education showed a trend toward significance (*p* = 0.061). In LOAD patients, the use of antidepressants, a higher level of education, and a lower dose of ChEI independently predicted worse IADL performance. Furthermore, there was an interaction effect between years of education and time in study; that is, more years of education implied increased IADL impairment over time. Regarding basic ADL, use of anxiolytics/sedatives/hypnotics implied slower functional progression in the EOAD cohort; however, few younger patients used this medication (*n* = 6). Lower cognitive ability at baseline predicted a faster deterioration of basic ADL among the individuals with LOAD.

End Points in EOAD versus LOAD {#sec2_8}
------------------------------

Overall, 86 patients (60%) with EOAD and 556 (64%) with LOAD did not complete the 3-year SATS (χ^2^(1) = 0.64; *p =* 0.425). The reasons for the dropout were admission to nursing homes (*n* = 131, 13%), initiation of concomitant memantine therapy (*n* = 81, 8%), side effects (*n* = 80, 8%), withdrawal of informed consent (*n* = 55, 5%), poor effect/deterioration (*n* = 54, 5%), compliance problems (*n* = 49, 5%), somatic disease assumed to be unrelated to AD (*n* = 30, 3%), switching to another ChEI agent (*n* = 21, 2%), and other reasons (*n* = 60, 6%). No differences between the age at onset groups were observed for the aforementioned reasons. Among the younger versus the older patients, switching to another study was more common (13 \[9%\] vs. 21 \[2%\], χ^2^(1) = 17.01; *p* \< 0.001), whereas death as a dropout reason was less frequent (1 \[1%\] vs. 46 \[5%\], χ^2^(1) = 5.81; *p =* 0.016).

During the SATS, 26 patients (18%) with EOAD and 205 (23%) with LOAD (χ^2^(1) = 1.66; *p =* 0.196) were admitted to nursing homes. Figure [2a](#F2){ref-type="fig"} presents a Kaplan-Meier graph of the time distribution from baseline to NHP for the 2 groups (log-rank test, *p* = 0.064). The respective mean time (95% CI) from estimated onset of AD to NHP for the younger and older cohorts was 8.4 (6.6--10.2) versus 4.6 (4.3--4.9) years (*t*~229~ = 7.58; *p* \< 0.001). However, the time from the start of ChEI treatment to institutionalization for participants with EOAD and LOAD (22.3 \[18.7--25.8\] vs. 19.3 \[18.0--20.7\] months; *t*~229~ = 1.42; *p* = 0.156) and the mean survival time in nursing homes (5.1 \[3.8--6.5\] vs. 4.1 \[3.7--4.5\] years; *t*~221~ = 1.65; *p* = 0.100) were similar between both onset groups. For all individuals, risk factors for NHP were solitary living, worse IADL capacity at baseline, and a faster rate of IADL decline during the study. In the EOAD cohort, more years of education and use of antihypertensives/cardiac therapy were predictors of a lower risk of institutionalization (Table [4](#T4){ref-type="table"}).

At the end of the 3-year SATS, 8 participants (6%) with EOAD and 127 (15%) with LOAD had died (χ^2^(1) = 8.53; *p* = 0.002); after up to 18 years of follow-up, 115 (80%) and 797 (91%) of the patients (χ^2^(1) = 15.40; *p \<* 0.001) had died, respectively. Figure [2b](#F2){ref-type="fig"} presents the Kaplan-Meier graph of time distribution from the initiation of ChEI treatment to death for patients with EOAD and LOAD (log-rank test, *p* \< 0.001). The mean (95% CI) survival time from baseline was 8.0 (7.4--8.6) versus 6.2 (6.0--6.4) years (*t*~910~ = 5.72; *p* \< 0.001), and age at death was 71.1 (70.0--72.1) versus 83.6 (83.3--84.0) years (*t*~910~ = −24.07; *p* \< 0.001) for patients with EOAD and LOAD, respectively. Users of antihypertensives/cardiac therapy showed a shorter life expectancy from baseline on average than nonusers (5.8 \[5.5--6.1\] vs. 6.8 \[6.6--7.1\] years; *t*~910~ = 4.92; *p* \< 0.001). No differences in mortality were detected for the variables solitary living or level of education.

Discussion {#sec1_4}
==========

In the SATS, performed in a routine clinical setting, the functional 6-month response to ChEI treatment and the longitudinal outcomes over 3 years were similar between the onset groups; however, a somewhat faster deterioration in some IADL tasks was found in EOAD patients. Better cognitive ability at baseline predicted a more positive functional performance over time for all participants. A higher dose of ChEI and fewer years of education were protective factors for slower IADL progression in the LOAD cohort, whereas a higher level of education in EOAD patients implied less institutionalization. Users of antihypertensives/cardiac therapy among the younger individuals exhibited a more rapid rate of IADL decline but lower risk of NHP. Solitary living in patients with EOAD and use of antidepressants in LOAD were also factors related to worse IADL capacities. The time to institutionalization and survival time in nursing homes were similar between those admitted in the onset groups, although the mean life span after AD diagnosis was ∼2 years longer among the younger individuals.

The EOAD cohort in the current study demonstrated significantly more years of education, longer illness duration, and less functional impairment but similar cognitive ability at the start of ChEI treatment compared with the older patients. More years of education was associated with faster IADL deterioration in LOAD patients, while a trend toward significance was observed for participants with EOAD. The slightly increased rapid progression in some IADL tasks among the younger group in this study might reflect their higher education and better "brain reserve capacity." These findings support the cognitive reserve hypothesis in which people with more years of education are expected to have a more advanced disease with higher burden of AD pathology at the time of diagnosis \[[@B27], [@B28]\]. A higher level of education was also a protective factor for NHP among our EOAD patients. One explanation might be the aforementioned worse decline as well as an earlier death shown in highly educated individuals with AD \[[@B5]\]. Nursing homes are publicly funded in Sweden and not dependent on the resident\'s financial situation or insurance coverage; thus, socioeconomic status is not expected to influence NHP \[[@B29]\]. In agreement with our observations, a review reported an extended time to NHP for dementia patients with more years of education \[[@B30]\], and a recent study also found that younger people with dementia (who had higher education) were cared for at home longer than older individuals \[[@B20]\]. A younger, well-educated person with AD might have a larger social support network, be more assertive for home help services, and be less willing to be admitted to a nursing home, most likely among substantially older residents. Therefore, a larger proportion of EOAD patients might be cared for in their own home for the survival time they have remaining.

Risk factors for worse IADL performance in the SATS were solitary living among the younger and use of antidepressants among the older participants. A smaller percentage of EOAD compared with LOAD patients were living alone, which could be expected because of more advanced age and thus higher mortality among spouses of older individuals. An AD diagnosis at a younger age might result in more unexpected loss of independence and diminishing social activities, and an increased need for support to perform daily tasks. In addition, possible effects of solitary living, such as social isolation, apathy, and symptoms of depression, could precipitate the course of the disease. Apathy was suggested to be the most prevalent neuropsychiatric symptom in EOAD \[[@B31]\] and it has been described as a predictor of faster functional deterioration and a marker of a more aggressive dementia \[[@B32]\]. Moreover, apathy was a significant predictor of NHP in early-onset but not late-onset dementia \[[@B20]\]. Depression might be related to cerebrovascular pathology, which is more common among older people \[[@B33]\]. A more rapid progression in IADL has been observed particularly in milder AD patients with depression, which might depend on recognition of their decreased capacities and loss of independence, as well as reduced initiative and motivation \[[@B34]\]. Decrease in motor activity and lack of responsiveness were the strongest predictors of functional impairment in a 2-year study of depression in AD \[[@B35]\]. In agreement with results from the Swedish Dementia Registry \[[@B36]\], no difference in the frequency of antidepressants between the onset groups was detected in the SATS. However, antidepressant medications might not be effective for all individuals with AD \[[@B37]\]. Our findings suggest that depression in LOAD, even if treated pharmaceutically, could be associated with worse outcome in IADL. Furthermore, the impact of depression on IADL decline in this study indicates that older participants might be in a milder stage of AD because of a reduced cognitive reserve.

In the present study, use of antihypertensives/cardiac therapy was also a risk factor for faster IADL deterioration in EOAD. As expected, the use of these medications was less common in the younger SATS cohort in agreement with other studies \[[@B36]\]. Hypertension has been identified as a possible risk factor for EOAD \[[@B38]\]. However, the strength of the relationship between cardiovascular changes and AD may be modifiable by exercise and physical function, which might be more pertinent in younger people \[[@B39]\]. One explanation for our observation is that the EOAD patients who used antihypertensives/cardiac therapy might have a lower general health status and are less physically active, which might lead to decreased performance in IADL.

Short-term functional response to ChEI treatment did not differ between the onset groups in this study, whereas higher doses of ChEIs were related to a slower rate of IADL decline in LOAD. The association between a higher ChEI dose and slower functional progression has been reported in the entire mild-to-moderate SATS cohort \[[@B12]\]. The lack of association between IADL capacities over time and ChEI dose among the younger participants might depend on their higher cognitive reserve, resulting in more advanced disease and AD pathology at diagnosis and start of treatment despite a lower functional impairment measured by rating scales. In agreement with our observations, milder disease at the initiation of ChEI therapy and optimal doses can lead to a better ability to maintain cognition and ADL for a longer time \[[@B12], [@B40]\]. Taken together, this underlines the importance of early diagnosis in EOAD and thus initiation of antidementia drugs at a milder stage of the disease.

Functional outcome was similar between the age at onset groups after 3 years in the current study and stresses the clinical importance of functional assessments also among younger patients. Consistent with this finding, time from AD diagnosis to NHP (∼20 months) and survival time in nursing homes (4--5 years) did not differ between the age groups. Previous studies have shown inconsistent results concerning whether the EOAD cohort progresses faster \[[@B16], [@B17]\]. A recent Dutch study of early- versus late-onset dementia in general \[[@B20]\] reported almost identical times on average from disease onset to institutionalization (early-onset dementia 8.9 years vs. late-onset dementia 4.2 years) to those reported in the SATS (8.4 vs. 4.6 years). The time between symptom onset and inclusion (time of diagnosis was not addressed) in the Dutch study was more than double among the young participants with dementia (7.4 vs. 3.3 years). In our study, the mean time between estimated onset and diagnosis was significantly longer in the EOAD group (4.1 vs. 2.9 years). These observations demonstrate a delay in diagnosis among the younger individuals with dementia. Information about expected time to NHP and length of stay in nursing homes is important knowledge for community-based services.

The strengths of the 3-year SATS are the prospective, well-organized, 6-month evaluations after the start of ChEIs in a large cohort of continuously treated "real-life" AD patients with concomitant disorders and medications from memory clinics in different parts of Sweden. Because of publicly financed health care, the participants are expected to be representative of the general population. One limitation is that the SATS was not placebo controlled because of ethical aspects, or randomized according to ChEI drug type, as in other observational AD studies over longer periods. Another weakness of this study, similar to earlier publications of age at onset \[[@B16]\], is that the clinician\'s estimation of the onset of AD symptoms was dependent on the thoroughness and validity of information obtained from the caregiver.

Very few long-term studies have analyzed the associations between EOAD and LOAD, level of education, functional capacities, concomitant medications, and NHP; additional studies are therefore warranted. The potential effect of ChEIs, predictors of disease progression, and factors that might affect the usage of community-based services, and time to NHP in different age groups need further investigation. In most countries, knowledge of younger AD patients and their families' special needs and support, and care facilities specially designed for this group are lacking. Furthermore, service utilization, respite care, and nursing homes directed toward patients with EOAD are needed to avoid severely affected individuals being cared for among considerably older residents.

In conclusion, a comparison of risk factors for functional impairment and time to NHP between participants with EOAD and LOAD was reported in this observational, longitudinal study. After 3 years, overall functional deterioration was similar between the onset groups; however, some IADL tasks tended to show faster decline among younger patients over this period. This finding underlines the clinical importance of functional assessments in EOAD. Solitary living and use of antihypertensives/cardiac therapy were independent risk factors for worse IADL outcome in the younger cohort, which might depend on social isolation and apathy, and lower general health status and less physical activity, respectively. The use of antidepressants in LOAD might also precipitate progression in IADL; this observation indicates that psychiatric symptoms are a risk factor for worse functional prognosis. A higher mean dose of ChEI was related to better IADL performance in LOAD but not in EOAD, which might depend on a more advanced disease in younger individuals because of their higher cognitive reserve. In addition, longer illness duration before AD diagnosis was shown among the younger patients. These findings stress the importance of early detection of EOAD and initiation of treatment to increase the effects of antidementia therapy. Time from diagnosis to NHP (∼20 months) and survival time in nursing homes (4--5 years) did not differ between the age groups, which is important information for community-based services.
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![The proportion of SATS patients who needed help to carry out IADL and basic ADL tasks by onset group. **a** The percentage of patients with EOAD and LOAD who needed help to carry out IADL tasks (IADL score, 2--5) at the start of ChEI therapy (baseline, in parentheses) and after 3 years (\* 0.01 ≤ *p* \< 0.05, \*\* 0.001 ≤ *p* \< 0.01, \*\*\* *p* \< 0.001). **b** The percentage of patients who needed help to carry out basic ADL tasks (PSMS score, 2--5) at the baseline (in parentheses) and after 3 years according to onset group (\* 0.01 ≤ *p* \< 0.05, \*\* 0.001 ≤ *p* \< 0.01, \*\*\* *p* \< 0.001). ADL, activities of daily living; ChEI, cholinesterase inhibitor; EOAD, early-onset Alzheimer disease; IADL, Instrumental Activities of Daily Living scale; LOAD, late-onset Alzheimer disease; PSMS, Physical Self-Maintenance Scale; SATS, Swedish Alzheimer Treatment Study.](dee-0007-0172-g01){#F1}

![Time from baseline to the end points NHP and death. **a** Kaplan-Meier graph of the distribution of time from the start of ChEI therapy (approximately time of AD diagnosis) to NHP for the SATS participants with early-versus late-onset AD. Using the log-rank test, no difference was found between the groups (*p =* 0.064). **b** Kaplan-Meier graph of the distribution of time from the start of ChEI therapy to death according to onset of AD. A log-rank test showed a shorter life expectancy for patients with late-onset AD (*p* \< 0.001). AD, Alzheimer disease; ChEI, cholinesterase inhibitor; NHP, nursing home placement; SATS, Swedish Alzheimer Treatment Study.](dee-0007-0172-g02){#F2}

###### 

Sociodemographic and clinical characteristics (*n* = 1,017)

  Variable                                                     Early-onset AD (*n* = 143, 14%)   Late-onset AD (*n* = 874, 86%)   *p*
  ------------------------------------------------------------ --------------------------------- -------------------------------- ---------
  Female sex, *n*/%                                            82/57                             568/65                           0.091
  APOE genotype (*n* = 996), *n*/%                                                                                                \<0.001
   No ɛ4 alleles                                               36/25                             284/33                           
   1 ɛ4 allele                                                 66/46                             459/54                           
   2 ɛ4 alleles                                                41/29                             110/13                           
  Solitary living at baseline, *n*/%                           30/21                             322/37                           \<0.001
  Antihypertensives/cardiac therapy, *n*/%                     28/20                             384/44                           \<0.001
  Antidiabetics, *n*/%                                         5/3                               45/5                             0.397
  Asthma medication, *n*/%                                     9/6                               34/4                             0.185
  Thyroid therapy, *n*/%                                       9/6                               76/9                             0.336
  Lipid-lowering agents, *n*/%                                 16/11                             101/12                           0.898
  Estrogens, *n*/%                                             9/6                               60/7                             0.801
  NSAIDs/acetylsalicylic acid, *n*/%                           15/10                             288/33                           \<0.001
  Antidepressants, *n*/%                                       41/29                             215/25                           0.298
  Antipsychotics, *n*/%                                        2/1                               43/5                             0.058
  Anxiolytics/sedatives/hypnotics, *n*/%                       6/4                               141/16                           \<0.001
  Estimated age at onset (mean ± SD), years                    58.6±4.7                          74.4±4.9                         \<0.001
  Estimated duration of AD at baseline (mean ± SD), years      4.1±3.4                           2.9±1.7                          \<0.001
  Age at first assessment (mean ± SD), years                   62.7±5.4                          77.3±4.7                         \<0.001
  Education (mean ± SD), years                                 10.1±2.8                          9.3±2.5                          0.004
  MMSE score at baseline (mean ± SD)                           21.4±3.8                          21.4±3.7                         0.987
  ADAS-cog score (0--70) at baseline (mean ± SD)               19.5±9.6                          21.0±8.8                         0.074
  IADL score at baseline (mean ± SD)                           13.9±5.3                          16.3±5.4                         \<0.001
  PSMS score at baseline (mean ± SD)                           6.7±1.2                           7.6±2.4                          \<0.001
  Number of concomitant medications at baseline (mean ± SD)    1.8±1.7                           3.1±2.5                          \<0.001
  Length in the SATS (mean ± SD), months                                                                                          
  Dose of ChEI during the follow-up period (mean ± SD), mg     25.1±12.4                         22.9±13.1                        0.065
   Donepezil (*n* = 516)[^a^](#T1F1){ref-type="table-fn"}      7.4±1.9 (40%)                     6.8±1.7 (52%)                    0.020
   Rivastigmine (*n* = 211)[^a^](#T1F1){ref-type="table-fn"}   6.6±2.3 (26.5%)                   6.0±2.1 (20%)                    0.100
   Galantamine (*n* = 290)[^a^](#T1F1){ref-type="table-fn"}    15.8±3.6 (33.5%)                  15.1±3.8 (28%)                   0.184

AD, Alzheimer disease; ADAS-cog, Alzheimer\'s Disease Assessment Scale-cognitive subscale; APOE, apolipoprotein E; ChEI, cholinesterase inhibitor; IADL, Instrumental Activities of Daily Living scale; MMSE, Mini-Mental State Examination; NSAIDs, nonsteroidal anti-inflammatory drugs; PSMS, Physical Self-Maintenance Scale; SATS, Swedish Alzheimer Treatment Study.

Percentage of patients in each group that received the specific ChEI agent in parentheses (χ^2^ test; *p* = 0.017).

###### 

Factors affecting the long-term outcome with IADL score as dependent variable according to age at onset

                                                         Early-onset AD   Late-onset AD                                             
  ------------------------------------------------------ ---------------- --------------- --------- ---------- -------------------- ---------
  *Fixed terms*[^a^](#T2F1){ref-type="table-fn"}                                                                                    
  Intercept                                              2.021            0.157, 3.885    0.034     −2.542     −4.922, −0.162       0.036
  Time in months from baseline                           0.234            0.198, 0.270    \<0.001   0.206      0.130, 0.281         \<0.001
  IADL score at baseline                                 0.884            0.769, 0.999    \<0.001   1.560      1.313, 1.806         \<0.001
  IADL score at baseline^2^                                                               ns        −0.021     −0.028, −0.014       \<0.001
  Time in months × IADL score at baseline                                                 ns        −0.002     −0.005, 0.002        0.335
  Time in months^2^ × IADL score at baseline                                              ns        −0.00007   −0.00012, −0.00002   0.006
  Background variables                                                                                                              
   Solitary living (no = 0, yes = 1)                     1.250            0.050, 2.450    0.041                                     ns
   Antihypertensives/cardiac therapy (no = 0, yes = 1)   1.551            0.338, 2.763    0.013                                     ns
   Antidepressants (no = 0, yes = 1)                                                      ns        0.570      0.076, 1.065         0.024
   Education, years                                                                       ns        −0.055     −0.153, 0.043        0.274
   Time in months × education in years                                                    ns        0.008      0.002, 0.014         0.007
   ADAS-cog score at baseline                            0.075            0.014, 0.136    0.016     0.057      0.028, 0.086         \<0.001
   ChEI dose^b^                                                                           ns        −0.016     −0.028, −0.004       0.010
                                                                                                                                    
  *Random terms (variance)*                                                                                                         
  Intercept                                              3.999            2.506, 6.382    \<0.001   4.787      4.002, 5.725         \<0.001
  Time in months                                         0.026            0.018, 0.037    \<0.001   0.019      0.016, 0.023         \<0.001

Sex, number of apolipoprotein E ɛ4 alleles, age at baseline, duration of AD, number of medications and the other specific concomitant medications used at baseline, as well as the variable comparing the ChEI agents were not significant predictors in the models. β values were unstandardized and are expressed per 1 unit increase for continuous variables and for the condition present in dichotomous variables. AD, Alzheimer disease; ADAS-cog, Alzheimer\'s Disease Assessment Scale-cognitive subscale; ChEI, cholinesterase inhibitors; CI, confidence interval; IADL, Instrumental Activities of Daily Living scale; ns, not significant.

Variance accounted for (all fixed terms): early-onset AD, 65.3% (*p* \< 0.001); late-onset AD, 63.3% (*p* \< 0.001). ^b^ Mean percentage of the maximum recommended dose: 10 mg for donepezil, 12 mg for rivastigmine, and 24 mg for galantamine.

###### 

Factors affecting the long-term outcome with PSMS score as dependent variable according to age at onset

                                                       Early-onset AD   Late-onset AD                                           
  ---------------------------------------------------- ---------------- ---------------- --------- --------- ------------------ ---------
  *Fixed terms*[^a^](#T3F1){ref-type="table-fn"}                                                                                
  Intercept                                            2.243            0.316, 4.169     0.023     0.437     −0.138, 1.011      0.136
  Time in months from baseline                         −0.095           −0.251, 0.061    0.229     0.057     0.012, 0.103       0.013
  PSMS score at baseline                               0.379            0.136, 0.622     0.003     0.812     0.735, 0.890       \<0.001
  Time in months × PSMS score at baseline              0.032            0.008, 0.055     0.008     0.005     −0.002, 0.011      0.179
  Time in months^2^ × PSMS score at baseline                                             ns        0.00010   0.00002, 0.00019   0.017
  Background variables                                                                                                          
   Anxiolytics/sedatives/hypnotics (no = 0, yes = 1)   −1.488           −2.762, −0.213   0.023                                  ns
   ADAS-cog score at baseline                                                            ns        0.030     0.015, 0.046       \<0.001
                                                                                                                                
  *Random terms (variance)*                                                                                                     
  Intercept                                            0.599            0.219, 1.643     0.052     0.777     0.517, 1.169       \<0.001
  Time in months                                       0.016            0.011, 0.022     \<0.001   0.013     0.011, 0.016       \<0.001

Sex, number of apolipoprotein E ɛ4 alleles, solitary living, age at baseline, duration of AD, years of education, number of medications and specific concomitant medications with the exception of anxiolytics/sedatives/hypnotics, ChEI dose, and the variable comparing the ChEI agents were not significant predictors in the models. p values were unstandardized and are expressed per 1 unit increase for continuous variables and for the condition present in dichotomous variables. AD, Alzheimer disease; ADAS-cog, Alzheimer\'s Disease Assessment Scale-cognitive subscale; ChEI, cholinesterase inhibitors; CI, confidence interval; ns, not significant; PSMS, Physical Self-Maintenance Scale.

Variance accounted for (all fixed terms): early-onset AD, 16.8% (*p* \< 0.001); late-onset AD, 43.0% (*p* \< 0.001).

###### 

Binary logistic regression analysis of nursing home placement during the study according to age at onset

                                                                       Early-onset AD (*n* = 143)   Late-Onset AD (*n* = 874)                       
  -------------------------------------------------------------------- ---------------------------- --------------------------- ------------------- ---------
  Solitary living (no = 0, yes = 1)[^a^](#T4F1){ref-type="table-fn"}   8.24 (2.19--31.04)           0.002                       2.75 (1.93--3.93)   \<0.001
  Antihypertensives/cardiac therapy (no = 0, yes = 1)                  0.08 (0.01--0.95)            0.045                                           ns
  Education, years                                                     0.73 (0.56--0.93)            0.013                                           ns
  IADL score at baseline                                               1.27 (1.11--1.45)            \<0.001                     1.12 (1.08--1.16)   \<0.001
  IADL score, rate of change per month                                 0.01 (0.0005--0.14)          0.001                       0.28 (0.15--0.51)   \<0.001

Correctly classified: early-onset AD, 87.2%; late-onset AD, 77.2%. ORs are expressed per 1 unit increase for continuous variables and for the condition present for categorized variables. Sex, number of apolipoprotein E ɛ4 alleles, age at baseline, duration of AD, ADAS-cog and PSMS scores at baseline or their rates of change per month, number of medications and specific concomitant medications with the exception of antihypertensives/cardiac therapy, ChEI dose, and the variable comparing the ChEI agents were not significant factors in the models. AD, Alzheimer disease; ADAS-cog, Alzheimer\'s Disease Assessment Scale-cognitive subscale; CI, confidence interval; IADL, Instrumental Activities of Daily Living scale; ns, not significant; OR, odds ratio; PSMS, Physical Self-Maintenance Scale.

The interaction effect of sex with solitary living was significant for the late-onset AD group (*p* \< 0.016). Male living with family member was the reference category. Male living alone, OR 5.12 (95% CI, 2.29--11.47); female living with family, OR 1.83 (1.12--2.99); female living alone, OR 3.72 (2.30--6.00). Because of the low number of younger males living alone (*n* = 9), it was not possible to include the interaction term in the early-onset AD model.
